I. INTRODUCTION
Tributyltin (TBT) compounds were widely used as a wood preservative, molluscide, insecticide, and an antifouling toxicant in boat paints [1] . However, TBT is one of endocrine disrupting chemicals (EDCs) and shows a high toxic effect to aquatic life. Even at low nanomolar aqueous concentration (1-2 ng/L) TBT causes chronic and acute poisoning of the most sensitive aquatic organisms, such as algae, zooplankton, mollusks and the larval stage of some fish [2] . For example, it was reported that TBT at 2 ng/l would inhibit calcification in Crassostrea gigas [3] and induce imposex in the dogwhelk Nucella lapilluss [4] . Although TBT has been legislatively banned in antifouling paints from the late 1990s in most European and North American countries [5] due to its toxicity to aquatic life at low concentration, contamination continues in the aquatic environment, and environmental concentrations remain high enough to warrant continued concern [6] [7] . In China, there are no specific legal restrictions concerning TBTcontaining antifouling paints until June, 2011 . Fragmentary data about the occurrence of butyltin compounds showed that some aquatic environment in China had been polluted by butyltin compounds [8] [9] [10] [11] .
The Yangtze River is the third largest river in the world and the Three Gorges Dam (TGD) impounds the Yangtze River for the world's largest project for hydroelectric power generation in terms of installed capacity. Surface water in Yangtze River is commonly used as the raw water source for public water supply in the region besides being considered for the provision of fresh water to the dryer northern part of China, as part of the south-north water diversion project. However, water quality in the Yangtze river and its tributaries in Three Gorges Reservoir Region is of major concern, because growing anthropogenic pollutants currently enter the water environment in this region from household sewage, industrial discharge, waste water treatment plant outflows, garbage dumping, and agricultural runoff and productive and protected groundwater resources are rare in the catchment area of the TGR [12] [13] . Existing data showed Yangtze River in Three Gorges Reservoir region was polluted by organotins [10] [11] .
In this paper, the occurrence of TBT and its metabolic product of MBT and DBT in water environment in TGRR from Jiangjin to TGD were investigated by solid-phase microextraction (SPME)-gaschromatography (GC)-massspectrometry (MS) combined with ethylation, and the proportion distribution of different butyltins in TGRR was also described.
II. MATERIALS AND METHODS

A. Reagents and instruments
Monobutyltin trichloride (MBT, 97%), dibutyltin dichloride (DBT, 97%), and tributyltin chloride (TBT, 95%) were purchased from ACROS ORGANICS (Geel, Belgium). Sodium tetraethylborate (NaBEt 4 , 98 %) was purchased from CNW Technologies GmbH (German). Deuterated organotins, MBT-d9, DBT-d18, and TBT-d27 were purchased from Hayashi Pure Chemicals (Tokyo, Japan). Methanol was of high performance liquid-chromatography (HPLC) grade obtained from Fisher Scientific (NJ, USA), and tetrahydrofuran was of HPLC grade obtained from DIKMA (CA, USA).
Water was obtained by a compact ultrapure water system Mili-QACADEEMIC (MILLIQ, France). Individual stock solutions of organotins were prepared in methanol. A working solution of mixed organotins was also prepared using methanol as solvent. This solution was diluted in methanol as required. Fresh NaBEt 4 solution of 4 % (w/v) was prepared with tetrahydrofuran monthly. An acetate buffer (pH=4) was made from acetic acid and sodium acetate solution. All the solutions were stored at 4 °C in the dark.
An SPME holder and a fiber coated with a 100μm layer of polydimethylsiloxane were obtained from Supelco (Bellefonte, PA, USA). GC-MS analysis was performed with 7890A-5975C gas chromatograph mass spectrometer (Agilent, USA) using electron impact in the selected ion monitoring (SIM) mode. A Agilent DB-5 capillary column (30 m × 0.25 mm i.d. with a 0.025-μ m film thickness) was used for organotins analysis.
B. Sampling and analysis
The studied area is located in TGRR. In the study area, total of 28 sites from Jiangjin to TGD were selected (Fig. 1) . Excepting stations 4, 7, 8, 16, 17, 21, 22, 25, 26 are in the tributaries of Yangtze River, other stations were located in the mainstream of Yangtze River. Surface water samples were manually collected in the middle of the river from just beneath the surface in March, 2010. Geographical coordinates were determined with a mobile GPS at each sampling station. All surface water samples were collected at two replicates from every site and were acidified with HCl solution (6 N) to pH=2 on-site. Then water samples were brought to laboratory and stored at 4°C. Analysis and quantification of organotins in water samples was improved based on the methods reported in previous studies [10] [11] . In brief, a 100μL mixed solution containing 40 ppb of each isotope compound was added into 20 mL of water samples in 40 mL amber glass vials. After adding 2 mL of acetate buffer and 0.05 mL 5% NaBEt 4 solution, the vials were immediately sealed with PTFE-lined silicon septa, and the contents were stirred on a magnetic stirrer. The SPME fiber was then exposed to the headspace over the vigorously stirred solution at 80℃. After 20 min, the fiber was withdrawn into the needle of the holder and was placed in the GC injector for 2-3 min. The temperature programs used for the GC column were 60°C for 1 min, 10°C /min to 180°C, 5°C /min to 220°C, then 30°C /min to 280°C (2 min). The injector temperature was maintained at 270 °C, and the detector source temperature was kept at 300°C. Fragment ions that were selected to quantitative analysis in selected ion monitoring mode (SIM) are listed in Table 1 . 
III. RESULTS AND DISCUSSION
The butyltin compounds concentrations in unfiltered surface water samples from 28 stations in TGRR are shown in Table 2 , and the proportion distribution of different butyltins in water samples are shown in Fig.2 . Butyltin compounds were detected in all stations except station 3, 4, and 5, which suggests that both the mainstream and tributaries of Yangtze River are polluted with butyltins. The range of total butyltins in tributaries of Yangtze River were ND~38.90 ng Sn/L, but the range of total butyltins in mainstream were ND~393.73 ng Sn/L due to high concentration of TBT in station 27 (Zigui Port). Most of butyltins were MBT which was found in 21 of 28 sampling stations, and concentrations varied from ND to 38.90 ng Sn/L. TBT was the next most commonly found in 9 of 28 stations with the highest level of 393.35 ng Sn/L. DBT had the lowest detection rates and was detected with the level of 23.09 ng Sn/L in Tongguanyi (station 2).
The quantitative importance of TBT degradation can be evaluated following a TBT degradation index. Butyltin degradation index (BDI) ( Table 2 ) is calculated as
BDI <1 indicates recent input of TBT [14] . In the TGRR, the BDI calculated ranged from <0.01 to 2.21 in the surface water ( Table 2) . Five of the surface water samples from stations 9, 16, 19, 27, and 28 respectively, showed BDI＜1 especially stations 19 and 27. Moreover, high concentration of TBT was detected in stations 10, 25, 26, but no DBT and MBT were detected in those stations. Above results suggested that fresh TBT inputs or may also be attributed to very slow degradation in those stations, and ‗hot spots' of TBT occurred from time to time. These areas include ports and industrial zones, suggesting release of TBT from large shipping vessels and through industrial effluents released into the water environment. Additionally, MBT and/or DBT in surface water samples were detected in some stations but where TBT was not detectred, which implying that MBT and DBT may enter aqueous systems by leaching from poly(viny1 chloride) and chlorinated poly(viny1 chloride) plastics [15] . However, in the absence of such inputs, the presence of MBT and DBT is likely due to dealkylation of the TBT species, particularly in areas where antifouling paints containing TBT as a biocide are used routinely. ND* indicated that the concentration was below the detection limit.
As the concentrations of butyltins in surface water are greatly dependent on many influencing factors, such as the distribution of pollution sources, the release of pollutants, the hydrodynamic conditions, and the temperature of water body and so on, the butyltins do not exhibit any specific trend of variation in surface water along the Yangtze River. Both the mainstream and tributaries of Yangtze River especially mainstream are important Shipping lanes in TGRR, and there are many shipping activities in this region especially in some ports. Therefore, the main source of TBT contamination in TGRR may attribute to shipping activities in this region. For example, Zigui Port is a big port with many Cargo ships and cruise ships and where the water keeps moving slowly, so the highest concentration of TBT was detected in Zigui Port. However, although Chaotianmen is a dock with some ships too, no butylitns were detected in Chaotianmen in this study. Chaotianmen is the confluence of Yangtze River and Jialing Rivers and where the water moves quickly. No butylitns were detected in Chaotianmen which can be ascribed to the fast-flowing water which diluted pollutants in water body.
Except possibly where a locally important species is very sensitive, freshwater aquatic organisms and their uses should not be affected unacceptably if the four-day average concentration of tributyltin does not exceed 0.063ug/l more than once every three years on the average and if the one-hour average concentration does not exceed 0.46ug/l more than once every three years on the average [16] . In 9 stations where TBT were detected, TBT concentration in stations 19, 27, and 28 were higher than 0.063 ug TBT/L（amount to 24.61 ng Sn/L ） and station 27 was high than 0.46ug/l (amount to 179.71 ng Sn/L), which suggesting probable toxic effect for freshwater aquatic organisms and their uses in these stations. Moreover, due to surface water is commonly used as the raw water source for public water supply in TGRR besides being considered for the provision of fresh water to the dryer northern part of China, and conventional treatment processes can't remove organotins completely [17] , particular attention should be paid to the issue of butyltins pollution in TGRR.
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